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Introduction {#jcsm12564-sec-0005}
============

Adequate hospital care for older adults with acute medical disorders is an important clinical concern in our ageing societies.[1](#jcsm12564-bib-0001){ref-type="ref"}, [2](#jcsm12564-bib-0002){ref-type="ref"}, [3](#jcsm12564-bib-0003){ref-type="ref"} In this regard, acute medical illnesses and subsequent hospitalization are major events in older people, leading to functional decline and frequently, long‐term disability.[4](#jcsm12564-bib-0004){ref-type="ref"}, [5](#jcsm12564-bib-0005){ref-type="ref"}, [6](#jcsm12564-bib-0006){ref-type="ref"} Loss of functional capacity associated with hospitalization increases the risk for higher resource use, caregiver burden, institutionalization, and death.[7](#jcsm12564-bib-0007){ref-type="ref"}, [8](#jcsm12564-bib-0008){ref-type="ref"}, [9](#jcsm12564-bib-0009){ref-type="ref"}, [10](#jcsm12564-bib-0010){ref-type="ref"} For these reasons, health care professionals and policy makers should prioritize the implementation of care procedures during hospitalization in older adults.

Complications and physical deterioration due to physical inactivity occur regardless of age. Low mobility during hospitalization is associated with a decline in activities of daily living and consequently, a rise in the rate of institutionalization and mortality.[11](#jcsm12564-bib-0011){ref-type="ref"} A classic consequence of short‐term bed rest in older adults is the significant loss in skeletal muscle mass that underlies the accelerated physical performance deficits.[12](#jcsm12564-bib-0012){ref-type="ref"} Previous studies have shown a rapid decline of \>10% of total lean leg mass in healthy older adults after 7 to 10 days of in‐hospital inactivity[13](#jcsm12564-bib-0013){ref-type="ref"}, [14](#jcsm12564-bib-0014){ref-type="ref"}, and lower muscle mass has been associated with a lower likelihood of survival after hospitalization in older patients.[15](#jcsm12564-bib-0015){ref-type="ref"} In addition, the ageing process causes increased protein degradation and lower protein synthesis[16](#jcsm12564-bib-0016){ref-type="ref"} and many neuromuscular changes[17](#jcsm12564-bib-0017){ref-type="ref"}, [18](#jcsm12564-bib-0018){ref-type="ref"}, making older adults even more vulnerable to a negative impact of hospitalization on muscle strength and muscle mass.[19](#jcsm12564-bib-0019){ref-type="ref"}

In this context, structured exercise and early rehabilitation programmes applied during acute hospitalization can prevent muscle function deterioration, abbreviate the periods of exacerbation of acute illness, and reduce the impact of subsequent health crises in hospitalized older adults.[20](#jcsm12564-bib-0020){ref-type="ref"}, [21](#jcsm12564-bib-0021){ref-type="ref"} Moreover, emerging evidence highlights that high‐velocity and low‐load resistance training (i.e. muscle power training) can improve muscle strength to a greater extent than traditional slow‐velocity resistance training.[22](#jcsm12564-bib-0022){ref-type="ref"}, [23](#jcsm12564-bib-0023){ref-type="ref"} A recent meta‐analysis of exercise training in older adults also found it was not associated with an increased risk of dropout because of health problems.[24](#jcsm12564-bib-0024){ref-type="ref"} However, studies focused on exercise interventions in hospitalized older adults are scarce. To the best of our knowledge, the effects of a multicomponent programme including muscle power training, balance, and gait‐retraining exercises on maximal muscle strength and muscle power characteristics in dynamic and isometric actions of lower and upper limbs have not been previously investigated in acutely hospitalized older adults.

The present study is in line with the long trajectory of research that has explored new possibilities to avoid dangers of prolonged bed rest.[25](#jcsm12564-bib-0025){ref-type="ref"} Thus, the main purpose of our study was to assess the effects of a multicomponent exercise training intervention on dynamic and isometric maximal muscle strength of lower and upper extremities and muscle power output in an acute care of the elderly (ACE) unit. We hypothesized that the aforementioned intervention would improve patients\' muscle function during hospitalization over usual care.

Methods {#jcsm12564-sec-0006}
=======

Design {#jcsm12564-sec-0007}
------

The study is a secondary analysis of a randomized controlled trial (RCT; NCT02300896)[21](#jcsm12564-bib-0021){ref-type="ref"}, [26](#jcsm12564-bib-0026){ref-type="ref"} conducted in the ACE unit of the Department of Geriatrics in a tertiary public hospital (*Complejo Hospitalario de Navarra*, Spain). This department has 35 allocated beds with a staff of eight geriatricians (distributed in the ACE unit, orthogeriatrics and outpatient consultations). Admissions to the ACE unit derive mainly from the Accident and Emergency Department, with heart failure, pulmonary, and infectious diseases being the main causes of admissions.

Acutely hospitalized patients who met the inclusion criteria were randomly assigned to the intervention or control (usual care) group within the first 48 h of admission. Usual care is offered to patients by the geriatricians of our department and consists of standard physiotherapy focused on walking exercises for restoring the functionality conditioned by potentially reversible pathologies. A formal exercise prescription was not provided at study entry, and patients were instructed to continue with the current activity practices along the duration of the study. The study followed the principles of the Declaration of Helsinki and was approved by the *Complejo Hospitalario de Navarra* Research Ethics Committee (Pyto 23/2014). All patients or their legal representatives provided written consent.

Participants and randomization {#jcsm12564-sec-0008}
------------------------------

All of the patients admitted to the ACE unit were evaluated by geriatricians. We focused on a particularly vulnerable population but at the same time with a level of functional and cognitive capacity high enough to allow them to perform the physical exercise protocol. A trained research assistant conducted a screening interview to determine whether potentially eligible patients met the following inclusion criteria: age ≥ 75 years, Barthel index score ≥ 60 points, and able to ambulate (with/without assistance) and to communicate and collaborate with the research team. Exclusion criteria included expected length of stay \< 6 days, very severe cognitive decline (i.e. Global Deterioration Scale score = 7), terminal illness, uncontrolled arrhythmias, acute pulmonary embolism and myocardial infarction, or extremity bone fracture in the past 3 months.

After the baseline assessment was performed, participants were randomly assigned following a 1:1 ratio, without restrictions. The simple randomization sequence was generated by a statistician not involve in the RCT using an online tool ([www.randomizer.org](http://www.randomizer.org)) to allocate 185 patients in the exercise group (intervention group) and 185 patients in the usual‐care group (control group). In the randomization procedure used, the allocation probabilities were biassed during the process by the computer programme in order to try to maintain balance between treatment allocations. Assessment staff were blinded to the main study design and group allocation. It was not possible to blind the participants, and so they were explicitly informed and reminded not to discuss their randomization assignment with the assessment staff.

Intervention {#jcsm12564-sec-0009}
------------

The usual‐care group received habitual hospital care, which included physical rehabilitation when needed. For the intervention group, exercise training was programmed in two daily sessions (morning and evening) of 20 min duration during 5--7 consecutive days (including weekends) supervised by a qualified fitness specialist. Adherence to the exercise intervention programme was recorded in a daily register. A session was considered completed when ≥90% of the programmed exercises were successfully undertaken.

Each session was performed in a room equipped *ad hoc* in the ACE unit. Exercises were adapted from the '[Vivifrail](http://vivifrail.com/resources/send/3-documents/23-e-book-interactive-pdf)' multicomponent physical exercise programme to prevent weakness and falls.[27](#jcsm12564-bib-0027){ref-type="ref"} The morning sessions included individualized progressive resistance, balance, and walking training exercises and were supervised by a physiotherapist (M.L.S.de.A) or a researcher (F.Z.F) with a PhD background in exercise physiology. The resistance exercises were tailored to the individual\'s functional capacity using variable resistance training machines (Matrix, Johnson Health Tech, Ibérica, S.L.; Torrejón de Ardoz, Spain and Exercycle S.L., BHGroup; Vitoria, Spain) aiming at two to three sets of 8 to 10 repetitions with a load equivalent to 30--60% of the one‐repetition maximum (1RM). Participants performed three exercises involving mainly lower limb muscles (squats rising from a chair, leg press, and bilateral knee extension) and one involving the upper body musculature (seated bench 'chest' press). They were instructed to perform the exercises at a high speed to optimize muscle power output, and care was taken to ensure proper exercise execution. Balance and gait‐retraining exercises gradually progressed in difficulty and included the following: semi‐tandem foot standing, line walking, stepping practice, walking with small obstacles, proprioceptive exercises on unstable surfaces (foam pads sequence), altering the base of support, and weight transfer from one leg to the other. The evening session consisted of functional unsupervised exercises using light loads (0.5--1.0 kg anklets and hand‐grip ball), such as knee extension/flexion, hip abduction, and daily walking in the corridor of the ACE unit with a duration based on the clinical physical exercise guide 'Vivifrail'.[27](#jcsm12564-bib-0027){ref-type="ref"}

Endpoints {#jcsm12564-sec-0010}
---------

As soon as the clinician in charge of the patient considered that their hemodynamic situation was acceptable, and the patient could collaborate, the following endpoints were assessed and the intervention was started. Endpoints were also measured on the day of discharge.

The endpoints were the change in dynamic and isometric maximal muscle strength and muscle power output during hospitalization (i.e. from admission to discharge).

Dynamic maximal muscle strength {#jcsm12564-sec-0011}
-------------------------------

Maximal dynamic strength was measured based on the results of a 1RM reached in bilateral leg‐press exercise, bench chest‐press, and knee extension exercises (Exercycle S.L., BHGroup, Vitoria, Spain). Four to five separate attempts were performed until the patient was not able to complete the concentric phase of the exercise. The last acceptable complete extension with the highest possible load was determined as the 1RM. The participants were instructed to perform each repetition as fast as possible during the 1RM assessment.

Isometric maximal muscle strength {#jcsm12564-sec-0012}
---------------------------------

Maximal isometric lower limb (right knee extensors and hip flexors) muscle strength was also measured using a manual dynamometer (MicroFET3, Hoogan Scientific, Salt Lake City, UT). Two maximal attempts were recorded, and the maximum reading was used for further analysis.

Muscle power output {#jcsm12564-sec-0013}
-------------------

The peak of power during the concentric actions was measured with the loads of 30, 45, 60, 75% of the 1RM, and 1RM in the leg‐press exercise. The muscle power output in the propulsive phase was recorded by connecting a velocity transducer to the weight plates (T‐Force System, Ergotech, Murcia, Spain).

Adverse events {#jcsm12564-sec-0014}
--------------

Data related to length of hospital stay, falls during hospitalization, transfer after discharge, readmission rate, and mortality were also collected. Details of these endpoints have been published elsewhere. [21](#jcsm12564-bib-0021){ref-type="ref"}

Statistical analysis {#jcsm12564-sec-0015}
--------------------

All analyses were performed by the 'intention‐to‐treat' approach. After analysing missing data patients in both groups and comparing with the non‐missing data patients, a missing at random mechanism was assumed. Normality of data was checked graphically and through the Kolmogorov--Smirnov test. Between‐group comparisons of continuous variables were conducted using linear mixed models. Time was treated as a categorical variable. The models included group, time, and group by time interaction as fixed effects and participants as a random effect. For each group, data are expressed as change from baseline (admission) to discharge, determined by the time coefficients \[95% confidence interval (CI)\] of the model. The primary conclusions about effectiveness of exercise intervention were based on between‐group comparisons of change in dynamic maximal muscle strength from baseline (beginning of the intervention) to hospital discharge, as assessed with the leg‐press, bench chest‐press, and knee extension exercises. Comparisons between groups of secondary endpoints were also performed using the same statistical method. The effect size was calculated according to Cohen *d*, classified as small (0.20), medium (0.50), or large (\>0.80) effect.[28](#jcsm12564-bib-0028){ref-type="ref"} All comparisons were two sided, with a significance level of 0.05. Statistical analysis was carried out using IBM‐SPSS v25 software (SPSS Inc., Chicago, IL).

Results {#jcsm12564-sec-0016}
=======

The study flow diagram is shown in *Figure* [1](#jcsm12564-fig-0001){ref-type="fig"}. No significant differences were found between groups at baseline for demographic and clinical characteristics for study endpoints (*Table* [1](#jcsm12564-tbl-0001){ref-type="table"}). Of the 370 patients included in the analyses, 209 were women (56.5%); mean age (standard deviation) was 87.3 (4.9) years (range 75--101 years); and 130 patients (35.1%) were nonagenarians. The median length of hospital stay was 8 days in both groups (interquartile range, 4 and 4 days, respectively). The mean number of intervention days for each patient was 5.3 ± 0.5 days, with most training days being consecutive (97%). The number of completed morning and evening sessions per patient averaged 5 ± 1 and 4 ± 1, respectively. Mean adherence to the intervention was 97% (95% CI, 95.7, 98.3) for the morning sessions (i.e. 806 successfully completed sessions of 841 total possible sessions) and 85% (95% CI, 79.7, 89.4) in the evening sessions (574 of 688); 73.9% of the participants performed leg‐press, 77.4% chest‐press, and 33.2% knee extension dynamic muscle strength measurements at both hospital admission and discharge. Considering the isometric maximal strength assessment, 78.1% and 93.9% of the patients completed knee extension and hip flexion endpoints, respectively. No adverse effects or falls associated with the prescribed exercises were recorded, and no patient had to interrupt the intervention or had their hospital stay modified because of it.

![Study flow diagram.](JCSM-11-997-g001){#jcsm12564-fig-0001}

###### 

Baseline characteristics of the participants

  Variable                                Control group (*n* = 185)   Intervention group (*n* = 185)
  --------------------------------------- --------------------------- --------------------------------
  **Demographic data**                                                
  Age (years)                             87.1 (5.2)                  87.6 (4.6)
  Women (*N*, %)                          109 (59%)                   100 (54%)
  Body mass index (kg/m^2^)               26.9 (4.9)                  27.1 (4.4)
  **Clinical data**                                                   
  CIRS score (median, IQR)                12 (5)                      13 (5)
  MNA score (median, IQR)                 24 (4)                      24 (4)
  MMSE (score)                            23 (4)                      22 (5)
  Barthel index (score)                   83 (17)                     84 (17)
  SPPB (points)                           4.7 (2.7)                   4.4 (2.5)
  GVT (m/s)                               0.5 (0.2)                   0.5 (0.2)
  Delirium (CAM, %)                       12%                         17%
  **Endpoint measures**                                               
  **Dynamic maximal muscle strength**                                 
  1RM leg press (kg)                      62 (31)                     57 (25)
  1RM chest press (kg)                    25 (12)                     24 (11)
  1RM knee extension (kg)                 41 (14)                     39 (13)
  **Isometric maximal muscle strength**                               
  1RM knee extension (N)                  98 (37)                     97 (29)
  1RM hip flexion (N)                     90 (33)                     91 (27)
  **Peak of power at submaximal loads**                               
  30% RM (W)                              59 (58)                     57 (41)
  45% RM (W)                              101 (79)                    81 (55)
  60% RM (W)                              102 (51)                    95 (56)
  75% RM (W)                              114 (55)                    107 (60)
  **Admission reason, *N* (%)**                                       
  Cardiovascular                          67 (36)                     65 (35)
  Infectious                              33 (18)                     33 (18)
  Pulmonary                               20 (11)                     28 (15)
  Gastrointestinal                        17 (9)                      20 (11)
  Neurological                            9 (5)                       9 (5)
  Other                                   39 (21)                     30 (16)

Data are mean (standard deviation) unless otherwise stated. No statistically significant differences were found between groups (all *P* \> 0.05).

CAM, Confussion Assessment Method; CIRS, Cumulative Illness Rating Scale; EQ‐VAS, visual analogue scale of the EuroQol questionnaire (EQ‐5D); GDS, Yesavage Geriatric Depression Scale; GVT, Gait Velocity Test; IQR, interquartile range; MNA, Mini‐Nutritional Assessment; MMSE, Mini‐Mental State Examination; QoL, quality of life; SPPB, short physical performance battery; 1RM, one‐repetition maximum.

The primary analyses showed that the multicomponent programme seems to provide a significant benefit over the hospital usual care. Differences between the treatment groups revealed a significant intervention effect for all the endpoints assessed, except for the peak of power at 1RM in the leg‐press exercise (*Figure* [2](#jcsm12564-fig-0002){ref-type="fig"}). At discharge, the intervention group showed an increase of 19.6 kg (95% CI, 16.0, 23.2 kg; *P* \< 0.001) on the 1RM in leg‐press exercise and 9.4 kg (95% CI, 7.3, 11.5 kg; *P* \< 0.001) on the 1RM in the knee extension exercise over the usual‐care group. Furthermore, significant enhancements were observed in the physical exercise group at discharge on the maximal dynamic muscle strength in the bench chest‐press exercise of 4.0 kg (95% CI, 3.3, 4.7 kg) whereas no such trend was found in the control group (−1.8 kg; 95% CI, −2.6, −1.0 kg) (*P* \< 0.001) (*Figure* [2](#jcsm12564-fig-0002){ref-type="fig"}). For the maximal isometric strength of lower limbs, the intervention group showed improvements at discharge in the knee extension of 22.1 N (95% CI, 16.9, 27.4 N; *P* \< 0.001) and in the hip flexion of 20.8 N (95% CI, 16.7, 24.9 N; *P* \< 0.001) (Supporting Information, *Table* [S1](#jcsm12564-supitem-0001){ref-type="supplementary-material"}).

![Changes in maximal muscle strength and muscle power for both groups. Mean difference corresponds to between‐group difference in each endpoint.](JCSM-11-997-g002){#jcsm12564-fig-0002}

Considering the muscle power output, the physical exercise group showed enhancements in the peak of power at 30% 1RM of 28.7 W (95% CI, 18.9, 39.6 W; *P* \< 0.001), at 45% 1RM of 29.3 W (95% CI, 18.4, 40.2 W; *P* \< 0.001), at 60% 1RM of 30.1 W (95% CI, 13.8, 46.4 W; *P* \< 0.001), and at 75% 1RM of 35.6 W (95% CI, 15.7, 55.4 W; *P* \< 0.001) over the usual‐care group. No between‐group differences were observed in the peak of power at 1RM (*P* = 0.077) (*Figure* [2](#jcsm12564-fig-0002){ref-type="fig"}). The average power‐load curves of both groups in the concentric leg‐press actions are presented in *Figure* [3](#jcsm12564-fig-0003){ref-type="fig"}.

![Muscle power values at submaximal and maximal loads by group.](JCSM-11-997-g003){#jcsm12564-fig-0003}

Discussion {#jcsm12564-sec-0017}
==========

Low mobility during hospitalization leads to increased risk of morbidity, disability, and a decline in muscle function especially in older adults. Despite this, physical exercise interventions are rarely used in the rehabilitation or usual‐care programmes of hospitalized older medical patients. This study described enhancements obtained in the muscle power output of lower limbs in older adults admitted to an ACE unit after a median of 5 days of multicomponent exercise training. Additionally, improvements were also achieved in dynamic maximal strength measurements (i.e. leg‐press, chest‐press, and knee extension exercises) and isometric maximal strength outcomes (i.e. knee extension and hip flexion exercises) after the physical exercise programme compared with the control group. Therefore, our findings support that individualized physical exercise plays a crucial role in older medical patients during hospitalization.

Skeletal muscle is a complex tissue, important for locomotion, bone health, neuromuscular function, metabolism, as well as regulating the whole body\'s glucose homeostasis.[29](#jcsm12564-bib-0029){ref-type="ref"} Reduced lower limb muscle strength and loss of skeletal muscle mass (i.e. sarcopenia) have been associated with functional impairments and disability with ageing; attempts to counteract this process seem highly relevant.[30](#jcsm12564-bib-0030){ref-type="ref"} Our results show that an individualized physical exercise intervention, with special emphasis on progressive resistance training, seems to be an effective strategy to obtain improvements in maximal muscle strength of upper and lower limbs and to revert the loss of muscle strength often associated with hospitalization in older patients. This observation was consistent with other findings in which progressive resistance training has also been shown to be effective for increasing muscle strength, balance, and functional capacity in frail patients shortly after discharge due to acute medical illness[31](#jcsm12564-bib-0031){ref-type="ref"} or geriatric patients with multiple comorbidities.[32](#jcsm12564-bib-0032){ref-type="ref"}

Muscle weakness and atrophy are probably the most functionally relevant and reversible parameters related to exercise in the older population.[12](#jcsm12564-bib-0012){ref-type="ref"} The exact mechanisms underlying the loss of muscle strength or power observed with ageing and development of muscle dysfunction is unknown; however, a decreased physical activity level, altered central and peripheral nervous system innervation, chronic low‐grade inflammation, infiltration of non‐contractile components within the muscle tissue, decline in protein synthesis, and anabolic hormones deficit have been identified as some of the contributing key factors.[33](#jcsm12564-bib-0033){ref-type="ref"}

In this line, the significant enhancements obtained in lower limb muscle power after the exercise training programme over the usual‐care group have major implications for clinical practice: first, because skeletal muscle power decreases earlier and at a greater rate than muscle strength with advancing age[23](#jcsm12564-bib-0023){ref-type="ref"}, [34](#jcsm12564-bib-0034){ref-type="ref"}, [35](#jcsm12564-bib-0035){ref-type="ref"}; second, because muscle power is a more discriminant predictor of physical functional performance in older adults[23](#jcsm12564-bib-0023){ref-type="ref"}; and finally, because muscle power output plays a mediator role between functional endpoints in acutely hospitalized older adults.[36](#jcsm12564-bib-0036){ref-type="ref"} Recent evidence has suggested muscle power training as a cornerstone for managing functional status[22](#jcsm12564-bib-0022){ref-type="ref"} in older adults, and this type of exercise intervention has been demonstrated to be well tolerated, safe, and effective in this population.[37](#jcsm12564-bib-0037){ref-type="ref"}, [38](#jcsm12564-bib-0038){ref-type="ref"} Furthermore, improvements in muscle power are greater with resistance training interventions that emphasize high vs. low muscle contraction velocity.[22](#jcsm12564-bib-0022){ref-type="ref"} Accordingly, participants were encouraged to complete the concentric phase of each exercise as fast as possible during the exercise training programme, and consequently, significant gains were observed in the physical exercise group in all the muscle power measurements analysed at submaximal loads (i.e. 30, 45, 60, and 75% 1RM) during the 1RM leg‐press assessment compared with the control group. Moreover, the observation that the explosive muscle force capacity of the neuromuscular system remains trainable in older adults during hospitalization may have important implications for future early rehabilitation programmes, especially when considering the crucial role of muscle power output in maximal walking speed, postural balance, and other tasks of daily living. An advantage of this type of interventions (i.e. low‐load, high‐velocity muscle actions) is that the muscle force at which type II motor units are recruited (i.e. recruitment threshold) is markedly decreased in explosive‐type muscle actions,[39](#jcsm12564-bib-0039){ref-type="ref"} making it possible that type II motor units in such conditions may be recruited even using low to moderate loading intensities (i.e. 30--60% of 1RM). This is specially important because type II motor units are substantially lost due to its disuse across the ageing, which implies in severe loss in muscle power and mobility in older adults.[17](#jcsm12564-bib-0017){ref-type="ref"} Additionally, one of the characteristics of low‐load high‐velocity exercise programmes is that training is not performed close to the point of muscle failure, and thus, it may result in lower ratings of perceived exertion and reduced levels of delayed onset muscle soreness.

Our study has some limitations, including patients\' difficulty to complete all the muscle strength and power measurements at admission and discharge. For example, only 23.8% of the patients in the control group and 31.9% of those in the intervention group were able to complete dynamic knee extension strength assessments, mainly due to the poor health condition presented at admission. Although patients were encouraged to complete the concentric phase of each repetition as fast as possible during the 1RM assessment, much of the muscle power data could not be recorded using the optical encoder because the contraction velocity was too slow to be captured by the measurement system. Notably, peak power data were recorded at 75% RM and 1RM in 58.9% and 31.0% of the older patients who completed the 1RM assessment, respectively. Additionally, the generalizability of our results is limited because of the inclusion of a selected population with relatively good functional capacity at preadmission (i.e. Barthel Index score ≥ 60 points), excluding those older adults with severe dementia, unstable hemodynamic condition, or who were unable to walk at admission, which increases the possibility of selection bias. Nevertheless, our RCT has many strengths. Thus far, research was carried out on a particularly vulnerable population of advanced age \[overall mean 87.3 years; range 75--101 years, with 130 patients (35.1%) being nonagenarians\] to develop a physical exercise intervention of a few days in acute settings. Also, patients with multiple comorbidities and mild dementia/cognitive impairment were included in the study, who are usually excluded from exercise studies. Regarding the multicomponent exercise training programme, a daily individualized adjustment of loads was performed specially in the power type resistance training protocol to optimize muscle performance adaptations and to avoid the muscle strength deterioration that is frequently associated with hospitalization in older adults.[25](#jcsm12564-bib-0025){ref-type="ref"} Physical exercise seems to be beneficial during hospitalization in this population[21](#jcsm12564-bib-0021){ref-type="ref"}, but further research is needed to understand the mechanisms underlying the muscle strength improvements after such short intervention period (i.e. 5 ± 1 and 4 ± 1 morning and evening sessions) in acutely hospitalized older adults.[40](#jcsm12564-bib-0040){ref-type="ref"} Furthermore, the usefulness of innovative tools (i.e. inertial sensor units) for measuring muscle strength and peak of power during activities of daily living in clinical practice and the residual effect of exercise training on muscle performance at follow up (i.e. post‐discharge) should be explored in future trials.

Conclusions {#jcsm12564-sec-0018}
===========

An individualized, multicomponent exercise training programme, with special emphasis on progressive resistance training, proved to be an effective therapy for improving muscle power output of lower limbs at submaximal loads in very old patients during acute hospitalization. It was also shown to provide benefit in other skeletal muscle endpoints, such as dynamic and isometric maximal muscle strength of lower and upper extremities. These findings support the key role of physical exercise during hospitalization in older adults to minimize the hazards of prolonged bed rest, specifically muscle power and strength impairments. Therefore, further research to determine the effects and optimal dose of physical exercise in this particular population is warranted.
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